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GLOBAL WARMING GLOBAL WARMING 
CONDITIONS IMPACTING CONDITIONS IMPACTING 
INFRASTRUCTUREINFRASTRUCTURE

Increasing Temperature Increasing Temperature 
Affecting Condition of Building Affecting Condition of Building 
MaterialsMaterials

Sea Level Rise Inundating and Sea Level Rise Inundating and 
Disabling Coastal InfrastructuresDisabling Coastal Infrastructures



R. Zimmerman and M. Cusker, “Institutional Decision-making,” 
Chapter 9 and Appendix 10 in Climate Change and a Global 
City: The Potential Consequences of Climate Variability and 
Change. Metro East Coast, edited by C. Rosenzweig and W.D. 
Solecki, New York, NY: Columbia Earth Institute 2001. Pp. 9-1 
to 9-25 and A11-A17.

R. Zimmerman and M. Cusker, “Institutional Decision-making,” Chapter 9 and Appendix 10 in 
Climate Change and a Global City: The Potential Consequences of Climate Variability and 
Change. Metro East Coast, edited by C. Rosenzweig and W.D. Solecki, New York, NY: 
Columbia Earth Institute 2001. Table 9-6.



Physical Condition of InfrastructurePhysical Condition of Infrastructure

America’s Infrastructure GPAAmerica’s Infrastructure GPA DD
Total investment needs $1.6 trillionTotal investment needs $1.6 trillion

(estimated 5 year need)(estimated 5 year need)

Aviation Aviation D+D+
BridgesBridges CC
Dams Dams DD
Drinking WaterDrinking Water DD--
EnergyEnergy DD
Hazardous WasteHazardous Waste DD
Navigable WaterwaysNavigable Waterways DD--
Public Parks & RecreationPublic Parks & Recreation CC--

RailRail CC--
RoadsRoads DD
Schools Schools DD
SecuritySecurity II
Solid WasteSolid Waste C+C+
TransitTransit D+D+
WastewaterWastewater DD--

Social Conditions of InfrastructureSocial Conditions of Infrastructure
•• AccessibilityAccessibility
•• AffordabilityAffordability

Source: ASCE (2005) “2005 Report Card for America’s InfrastructuSource: ASCE (2005) “2005 Report Card for America’s Infrastructure,” Online. Available at: re,” Online. Available at: 
<http://www.asce.org/reportcard/2005/index.cfm> (accessed Novemb<http://www.asce.org/reportcard/2005/index.cfm> (accessed November 7, 2005).er 7, 2005).

BASELINE FOR INFRASTRUCTUREBASELINE FOR INFRASTRUCTURE



POTENTIAL IMPACTS OF POTENTIAL IMPACTS OF 
GLOBAL WARMING ON GLOBAL WARMING ON 
INFRASTRUCTUREINFRASTRUCTURE

Electricity outages due to submerged Electricity outages due to submerged 
electric power facilitieselectric power facilities
Outages of Infrastructure Dependent on Outages of Infrastructure Dependent on 
Electric PowerElectric Power
Flooding of conduits and facilities located Flooding of conduits and facilities located 
near coasts and near coasts and riverineriverine areasareas
Potential perpetuation of the global Potential perpetuation of the global 
warming phenomenon due to overuse of warming phenomenon due to overuse of 
energyenergy



Electricity OutagesElectricity Outages –– Analogies to Analogies to 
Hurricane Katrina (LA), 9/03/2005Hurricane Katrina (LA), 9/03/2005
US DOE, Office of Electricity Delivery and Energy ReliabilityUS DOE, Office of Electricity Delivery and Energy Reliability

Source: http://www.electricity.doe.gov/images/la_outage_9_3_0900.jpg



Source:http://www.electricity.doe.gov/about/../images/rita_outage_092605_0600.jpg

Electricity OutagesElectricity Outages –– Analogies Analogies 
to Hurricane Rita (LA by Parish)to Hurricane Rita (LA by Parish)



Water Supply/Wastewater Water Supply/Wastewater 
OutagesOutages --Hurricane Katrina, 2005Hurricane Katrina, 2005

LOUISIANA, MISSISSIPPI, ALABAMA:LOUISIANA, MISSISSIPPI, ALABAMA:
About 1000 water supply systems were About 1000 water supply systems were 
destroyed, disabled or contaminated, destroyed, disabled or contaminated, 
with 90% still affected after two with 90% still affected after two 
weeksweeks
Extensive contamination of drinking Extensive contamination of drinking 
water and standing water occurredwater and standing water occurred
About 172 wastewater treatment About 172 wastewater treatment 
plants were disabledplants were disabled

(Sources: U.S. EPA, http://www.(Sources: U.S. EPA, http://www.epaepa..govgov//katrinakatrina; NRDC 2005: 4):; NRDC 2005: 4):



Debris AccumulationDebris Accumulation –– Analogy Analogy 
to Major Disastersto Major Disasters

Not availableSummer 1993FloodsMidwest: 75 towns, 
9 states

Source: The first four entries are summarized from U.S. EPA, (1995) Planning for Disaster Debris. 
Washington, DC: U.S. EPA. Gulf State estimates for Hurricane Katrina and NYC 9/11 estimates are 
government estimates.

1.6 million tonsSeptember 2001WTC attackNew York, NY
22 million tonsAugust 2005Hurricane KatrinaGulf States
2 million cubic yardsSeptember 1989Hurricane HugoMecklenburg County, NC
5 million cubic yardsSeptember 1992Hurricane InikiKauai, HI
7 million cubic yardsJanuary 1994Northridge Los Angeles, CA
43 million cubic yardsAugust 1992Hurricane AndrewMetro-Dade County, FL

Volume of DebrisDateEventLocation



Communication Failures Communication Failures -- Hurricane Hurricane 
KatrinaKatrina
ProcessProcess

Those requiring evacuation and health care institutions 
are unable to communicate with responders
People in shelters cannot communicate with 
service/supply providers
Criminal threats cannot be communicated
Overall effects are differentially felt by different 
populations

TechnologyTechnology
Bridge collapse destroys most of fiber optic cable lines
Electric power disruptions disable cell towers and cell 
phones and radio and television broadcasting
Innovative technologies are used: satellite radio, ham 
radios



Infrastructure RecoveryInfrastructure Recovery: Electricity : Electricity 
Outage Durations T(e) and Affected Outage Durations T(e) and Affected 
Infrastructure Outage Duration T(i) Infrastructure Outage Duration T(i) 

Outage Durations for the August 2003 Blackout
(Total Duration = 42-72 hours)

T(i)/T(e)

Transit-electrified rail (NYC) 1.3
Traffic Signals (NYC) 2.6
Water Supply (Cleveland, OH) 2.0
Water Supply (Detroit, MI) 3.0

Source: R. Zimmerman and C. Restrepo, “The Next Step: QuantifyinSource: R. Zimmerman and C. Restrepo, “The Next Step: Quantifying Infrastructure Interdependencies to g Infrastructure Interdependencies to 
Improve Security,” Improve Security,” International Journal of Critical InfrastructuresInternational Journal of Critical Infrastructures, 2005 forthcoming. UK: , 2005 forthcoming. UK: InderscienceInderscience
Enterprises, Ltd. www.Enterprises, Ltd. www.inderscienceinderscience.com Summarized from Table 3..com Summarized from Table 3.



INFRASTRUCTURE RECOVERY: INFRASTRUCTURE RECOVERY: 
Oil PipelinesOil Pipelines

Colonial Pipeline linking Gulf Colonial Pipeline linking Gulf 
Coast to northeast recovers in Coast to northeast recovers in 
about six daysabout six days
Recovery after Hurricane Recovery after Hurricane 
Katrina occurs more rapidly and Katrina occurs more rapidly and 
is more evenly distributed than is more evenly distributed than 
after Hurricane Ritaafter Hurricane Rita

Source: NYUSource: NYU--Wagner I3P SCADA project funded through the Wagner I3P SCADA project funded through the 
Dartmouth I3P Consortium (see acknowledgements)Dartmouth I3P Consortium (see acknowledgements)



Infrastructure RecoveryInfrastructure Recovery: Electric : Electric 
Power Outages (LA) Power Outages (LA) -- Hurricane Katrina, Hurricane Katrina, 
9/16/20059/16/2005
US DOE, Office of Electricity Delivery and Energy ReliabilityUS DOE, Office of Electricity Delivery and Energy Reliability

Source:http://www.electricity.doe.gov/program/../images/la_outage9_16_0600.jpg



Infrastructure RecoveryInfrastructure Recovery: Debris : Debris 
Removal after the World Trade Removal after the World Trade 
Center attacks, 9/11/01, NYCCenter attacks, 9/11/01, NYC

Debris removal at the WTC site Debris removal at the WTC site 
occurs at a steady paceoccurs at a steady pace
Removal is completed earlier and at Removal is completed earlier and at 
a lower cost than initially estimateda lower cost than initially estimated
FastFast--track procedures for debris track procedures for debris 
disposal were used, including disposal were used, including 
reopening Fresh Kills and use of reopening Fresh Kills and use of 
storage at JFK airportstorage at JFK airport

Source: R. Zimmerman, Source: R. Zimmerman, ““Public Infrastructure Service Flexibility for Response and RecovPublic Infrastructure Service Flexibility for Response and Recovery in the September ery in the September 
1111thth, 2001 Attacks at the World Trade Center,, 2001 Attacks at the World Trade Center,”” in Natural Hazards Research & Applications Information in Natural Hazards Research & Applications Information 
Center, Public Entity Risk Institute, and Institute for Civil InCenter, Public Entity Risk Institute, and Institute for Civil Infrastructure Systems, frastructure Systems, Beyond September 11Beyond September 11thth:  :  
An Account of PostAn Account of Post--Disaster ResearchDisaster Research. Special Publication #39. Boulder, CO: University of Colorado, . Special Publication #39. Boulder, CO: University of Colorado, 
20032003..



INFRASTRUCTURE INFRASTRUCTURE 
INNOVATIONS INNOVATIONS -- RecoveryRecovery
PostPost--KatrinaKatrina

Communications: Innovative use of Communications: Innovative use of 
technologies technologies -- satellite radios, ham satellite radios, ham 
radiosradios
Oil and gas pipeline recovery methodsOil and gas pipeline recovery methods

PostPost--September 11, 2001 WTC AttacksSeptember 11, 2001 WTC Attacks
Electric Power: Immediate Recovery Electric Power: Immediate Recovery --
Cables Installed Over StreetsCables Installed Over Streets
Electric Power: Electric Power: LongtermLongterm Recovery Recovery ––
Rapid installation of replacement Rapid installation of replacement 
substations in Lower Manhattansubstations in Lower Manhattan



INFRASTRUCTURE INNOVATIONS –
Prevention Scenarios: Alternative 
Vehicle GHG Emissions & Fuel Economy

8.4 ave. annual tons CO2

23 combined mpg
Regular or 
Typical Car

3.5-7.8 ave. annual tons CO2

55-123 combined mpg
Electric 
Vehicles

3.5-6.0 ave. annual tons CO2

29-56 combined mpg
Hybrid Cars

GREENHOUSE GAS (GHG) 
EMISSIONS/ FUEL ECONOMY

CAR MODEL

Source: Based on data from www.fueleconomy.gov; from R. Zimmerman, “Robust Transportation and 
Future Threats: from Terrorism to Climate Change,” Presentation for the U.S. DOT, FHWA Advanced 
Research Forum, Boston, MA, July 13, 2005.



INFRASTRUCTURE INNOVATIONSINFRASTRUCTURE INNOVATIONS ––
Prevention Scenarios for TransportationPrevention Scenarios for Transportation
Source: R. Zimmerman, “Robust Transportation and Future Threats:Source: R. Zimmerman, “Robust Transportation and Future Threats: from Terrorism to from Terrorism to 
Climate Change,” Presentation for the U.S. DOT, FHWA Advanced ReClimate Change,” Presentation for the U.S. DOT, FHWA Advanced Research Forum, search Forum, 
Boston, MA, July 13, 2005.Boston, MA, July 13, 2005.

XXXXXXXXCompatiCompati--
bility bility 

XXXXXXXXSustained Sustained 
capacitycapacity

(X)(X)XX(X)(X)XXDecentraliDecentrali--
zationzation //
decouplingdecoupling

Use Use 
Alternative Alternative 
Transport Transport 
TechnologyTechnology

Reduce Reduce 
Traffic Traffic 
CongestionCongestion

Reduce Land Reduce Land 
Consumption Consumption 
to Reduce to Reduce 
TravelTravel

Reduce Reduce 
Fossil Fuel Fossil Fuel 
Usage in Usage in 
TransporTranspor--
tationtation

Security Security 
CriteriaCriteria

GCC CriteriaGCC Criteria



CONCLUSIONSCONCLUSIONS

Infrastructure is both a cause of global Infrastructure is both a cause of global 
climate change, and is highly vulnerable to climate change, and is highly vulnerable to 
the effects or consequences of global the effects or consequences of global 
climate changeclimate change
Innovations exist to reduce infrastructure Innovations exist to reduce infrastructure 
contributions to global warming and to contributions to global warming and to 
reduce consequences to infrastructure of reduce consequences to infrastructure of 
effects of global warmingeffects of global warming
Global climate change and security needs Global climate change and security needs 
for infrastructure can be met for infrastructure can be met 
simultaneouslysimultaneously
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